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Several methods exist to characterise the bulk material for a silicon sensor. C-V characterisation is a widely implemented, non-destructive method to extract the depth profile of N e f f . A technique which is rarely used at laboratories developing silicon sensors is Spreading Resistance Profiling (SRP) which directly measures the resistivity of the silicon. We will show, that a comparison of measurements from these two methods can yield important information on the defect concentration in the bulk of the silicon. To demonstrate the technique, we investigated a sensor material where the active region was reduced using a deep diffusion process which is assumed to create additional defects in the bulk.
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Introduction
In HEP Experiments, silicon strip and pixel sensors enable the measurement of the impact points of ionising particles with a precision of just a few microns. They are made of a thin layer of a pure silicon crystal which gives them a very low mass. Furthermore, these devices can operate inside very harsh radiation environments, like in the innermost parts of today's and even future LHC experiments. Due to these advantages, silicon sensors are used in the tracking and vertexing systems of most modern particle collider experiments.
To successfully design and manufacture a radiation tolerant silicon sensor, precise control of the doping profiles is crucial. Furthermore, the charge carrier concentration of the bulk can change due to the production process or irradiation which influences the electric field distribution inside the bulk of the sensor.
Several methods and tools exist to asses the quality of silicon sensors like indirect but nondestructive electrical characterisation to more direct measurements like Spreading Resistance Profiling (SRP). Electrical probe stations and SRP machines are commercially available from several vendors but tend to come with a high price tag. While many research institutes have already opted to built their own custom made probe stations for cost reduction and added flexibility [1] , SRP remains a less frequently used tool in the HEP community.
We want to demonstrate that a flexible, custom made SRP setup as described in [2] is a complementary method to analyse the quality of silicon sensors. We will compare our SRP method with standard C-V characterisation and show that it can pinpoint to defects in the silicon bulk created during the production process.
Characterisation methods for sensor materials
We want to compare measurements from a custom made SRP setup to a standard method used in the HEP community. We will shortly describe the basic principle and point out the differences of the two methods.
Į Figure 1 . The silicon sample under investigation is first beveled at a shallow angle. The surface is then contacted with two probe needles which are set apart by about 50 micron. The resistance between the two contact points is measured. The needles are then moved to the next location along the beveled surface where the measurement corresponds to a layer deeper inside the silicon sample.
Spreading Resistance Profiling (SRP)
SRP can directly measure the resistivity of the silicon bulk by contacting it with two probe needles at a small distance as seen in figure 1 . The sample has to be bevelled at a shallow angle to access the deeper layers of the material. The resistance as a function of depth is determined by applying a voltage ramp across the needles where the measured resistance is dominated by spreading resistance effect. The general method and the custom made setup used to perform the measurements is described in detail in [2] .
The resistivity of the undepleted silicon measured by SRP is only influenced by the charge carrier concentration in the electrically neutral bulk while deep defects remain inactive.
C-V characterisation
A well known, non destructive method to measure the effective doping concentration N eff is the measurement of the C-V characteristics of a diode. The depth profile of N eff in the silicon bulk can be extracted from a C-V curve using the well known formula:
where the depletion depth d is
2)
The C-V method gives the effective doping concentration N eff in the space charge region which would also include any active defects if present.
Thin active bulk materials using deep diffusion
The active thickness of a silicon sensor can be reduced by creating a highly doped layer at the backside of the sensor. Due to the high effective doping concentration N eff in this layer, it can be considered as a conductor providing a good electrical contact to the highly resistive part of the bulk. When applying a reverse bias voltage, the highly resistive part will be depleted of charge carriers forming the active region of the sensor while the electrical field does not extend into the highly doped regions.
Creating such highly doped layers in silicon sensors with a thickness of 100-200 µm supposedly requires high energy implantation to drive the dopands into the bulk. Furthermore, the wafers have to be exposed to high temperature treatments for an extended period of time to drive the dopands to the required depths and activate them. Unfortunately, the details of these methods remain undisclosed by the production companies.
Nevertheless, this process can create additional defects inside the doped, low resistivity zone which can also diffuse into the active area of the silicon sensor and the performance of the final sensor might suffer from this treatment. Such a behaviour is similar to defects introduced by irradiation. It is well known that in unirradiated materials, the effective doping concentration is equal to the charge carrier concentration while this is not valid for irradiated materials. There the introduction of deep level defects influences only N eff as described for example in [4] .
The existence of deep level defects in deep diffusion materials has already been shown by a DLTS analysis described in [5] . Several defects in n-and p-type materials have been identified where the concentration is higher for materials with thicker deep diffusion regions. We will demonstrate that our low-cost SRP setup offers a complementary method to investigate such materials. With a comparison of SRP and C-V measurements we can identify regions in the silicon bulk with a high concentration of defects.
Comparison on deep diffusion materials
We investigated three different materials which are all of the same physical thickness of 320 µm. The first material has an active thickness of 300 µm with only a relatively thin 20 µm backside implantation. The other two materials have an active layer of 200 and 120 µm, where the electrically neutral bulk is created by deep diffusion. We characterised the material using the C-V and SRP methods and calculated the charge carrier concentration from the SRP results and the effective doping concentration N eff from the C-V results.
As seen in figure 2 for the material with 300 µm active thickness both profiles are identical. For 200 µm material differences are already apparent which become even more pronounced for the thin 120 µm material. The latter shows strong deviations especially at the transition from the high resistivity active bulk to the electrically neutral bulk created by the deep diffusion process. This could be caused by an accumulation of defects at the interface between the two regions.
Summary
We have shown that our low cost SRP solution offers interesting possibilities in the characterisation of sensor materials. Combining it with other established methods like C-V characterisation, can give qualitative measurements of the defect concentration inside the silicon bulk. While other methods like DLTS offer more comprehensive information, the SRP method is easy to implement and can give a first insight on the quality of a material and the possible accumulation of defects. A similar approach illustrated here for deep diffusion materials should also be valid to characterise irradiated materials. Commercial companies might not have an interest to test irradiated materials making the implementation of our low cost setup an interesting expansion for silicon detector laboratories.
